The purpose of this paper is to explore to what extent spillovers from Asian financial market shocks have risen during the past two decades. In the first part, we examine spillover effects in stock markets. Estimating the GVAR (Global Vector Autoregressive) model, we find that spillover effects from emerging Asia became large in the post GFC (Global Financial Crisis) period. However, we also find that most of the spillover effects were from shocks in manufacturing sector rather than from those in financial sector. This implies that the spillover effects increased in the post GFC period because of increased manufacturing sector's shocks in emerging Asia. In the second part, we examine spillover effects across different foreign exchange rates. As in the stock markets, spillover effects from emerging Asia became large in the foreign exchange markets in the post GFC period. In particular, our high frequency data analysis suggests that an exchange rate policy change by the PBC (the People's Bank of China) had positive spillover effects on the most of the advanced currencies in the post GFC period. The empirical results imply that the impact of Chinese shocks has been rising in the global financial markets.
Introduction
Over the past two decades, the share of emerging market economies in global GDP has risen substantially. Integration of these economies into the global trading network has also progressed.
Trade between advanced and emerging market economies now exceeds trade among advanced economies. As a result, macro fundamental shocks in emerging market economies came to have substantial spillover effects on advanced economies. However, despite the dramatic output and trade growth, the financial market in emerging economies has developed at a slower pace and from a lower base. As a result, many argue that financial markets in emerging economies still have a limited role in the global financial market.
The purpose of this paper is to explore to what extent spillovers from Asian financial market shocks have evolved in global financial markets during the past two decades. We particularly focus on emerging Asia and investigate what spillover effect its financial markets have had on those in advanced economies. Focusing on emerging Asian financial markets deserves to be noted for the following three reasons. First, among emerging economies, Asian economies have achieved the most remarkable economic growth called the "East Asian Miracle". The growth was temporarily slowed down after the Asian crisis in 1997-98. But in the 2000s, China has achieved miraculous economic growth and substantially increased the share of emerging Asia in global GDP. Second, despite remarkable economic growth, bond and stock markets have been less developed in these economies until recently. In the 2000s, Asian emerging economies worked on reforming their financial systems.
However, despite the reforms, financial market development in the Asian economies still remained far behind those in advanced economies (see, for example, Fukuda [2013] ). Third, because Asian financial markets are open only when European and US markets are closed, the use of daily data allows us to identify direction of spillover effects without simultaneous biases. If the two markets were open in the same time zone, it would be difficult to identify causality of the spillover effects.
But thanks to the time difference, we can identify causality from Asian financial market shocks to Europe and the United Sates.
In the first part of this paper, we examine spillover effects across different stock markets.
Estimating a GVAR (Global Vector Autoregressive) model, we find that while spillover effects from Asian stock markets to those in Europe and the United Sates had been small before the Global Financial Crisis (GFC), they became large in the post GFC period. However, we also find that most of the significant spillover effects were from shocks in the Asian manufacturing sector rather than those in the financial sector. This implies that spillover effects from Asian stock markets to those in Europe and the United Sates increased in the post GFC period because macro fundamental shocks in emerging Asia, especially those in China, had large impacts on advanced economies.
In the second part of this paper, we examine spillover effects across different foreign exchange rates. As in the first part, we first estimate a GVAR model and confirm that spillover effects from Asian emerging economies, especially from China, became significantly large after the GFC. Unlike in the first part, we then estimate spillovers from the Chinese Yuan (CNY) on several major currencies in a time zone during which the People's Bank of China (PBC) reports its official fixing exchange rate. We find that an exchange rate policy change by the PBC had significant spillover effects on the most of the advanced currencies in the post GFC period.
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In the literature, a numerous number of studies suggested that financial market shocks in advanced countries had large spillover effects on the rest of the world, especially on emerging market economies (EMEs) during the last decade (see, for example, Rogers et al. [2014] , Gauvin, McLoughlin, and Reinhardt [2014] , Neely [2015] , Engel [2016] , Aizenman, Chinn, and Ito [2017] ). In particular, several authors found that financial market shocks in advanced countries had large spillover effects on emerging Asian economies (see, for example, Morgan [2011] , Park and Um [2016] , and Fukuda [2017] ). However, relatively limited previous studies explored how large spillovers financial market shocks in emerging economies had on advanced economies. In particular, few investigated spillover effects from Asian financial market shocks on advanced economies. 2 However, the authors such as Gelos and Surti (2016) and Huidrom, Kose, and Ohnsorge (2016) showed the growing importance of financial spillovers from emerging market economies in the 2000s, especially after the GFC.
3 It is thus important to examine to what extent spillovers from Asian financial market shocks have risen in global financial markets during the past two decades.
Our empirical results suggest that the spillover effects from Asian financial market shocks increased in the post GFC period because of increased manufacturing sector's shocks in emerging
Asia. The impact of shocks to economic fundamentals in emerging Asia, such as those in China, has been rising in global financial markets. It is likely that spillovers from Chinese macro fundamentals to global financial markets will increase considerably in the next few years even if Chinese financial 1 See Ito and Kawai, (2016) and Ito (2017) for recent growing role of the CNY.
2 Fujiwara and Takahashi (2012) is an exceptional study which found weak spillover effects from Asia in the pre-GFC period.
3 See also Aizenman and Fukuda (2017) and Didier, Llovet, and Schmukler (2017) both of which discuss growing role of emerging economies in the Pacific Rim. market remains underdeveloped.
Empirical Methodology
To investigate spillover effects from Asian stock markets to those in advanced economies, the following sections explore how stock markets in Europe and the USA reacted to those in emerging Asia. A GVAR (Global Vector Autoregressive) is estimated in order to capture financial spillovers across advanced and emerging Asian market economies. To the extent that spillovers are one-directional and have no further propagation, a single equation would be enough to capture the financial spillovers. However, shocks are propagated through a feedback loop; shocks occurred in the U.S. affect Asia, the affected Asian economy has a further impact on the U.S. economy, and the feedback loop continues for a few days. A GVAR is a useful econometric framework when such a loop exists because it can capture multilateral financial spillovers with various feedbacks across regions.
In our GVARs, endogenous variables are composed of two sets of variables. The first set of variables consists of daily stock returns from 14 countries: Japan, nine emerging Asian economies (China, Hong Kong, South Korea, Singapore, Taiwan, Thailand, Malaysia, Indonesia, and Philippines), three European countries (the UK, Germany, and France), and the USA. The main stock market index returns in local currency are used for the country-specific equity returns. 4 The second set of variables consists of daily log-difference of the VIX, daily difference of 10-year US government bond yields, and daily difference of 5-year US government bond yields. They are used to account for common/systematic global factors.
As Figure 1 shows, Asian stock markets are open when European and New York markets are closed. The use of daily data thus allows us to identify spillover effects without simultaneous biases.
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Strictly speaking, the identified spillover effects do not necessarily mean causality from Asian with spillover effects across the advanced countries, it also reports how the stock price responded in three European countries and in the USA when a stock market shock had occurred in each advanced country (i.e., Japan, the UK, Germany, France, and the USA).
In the first subsample period (that is, January 1992 to December 1996), the stock prices in the advanced countries, which significantly responded to shocks in the other advanced countries, rarely showed significant responses to a stock market shock in the emerging Asian economies. In particular, the stock prices in the United States showed no significant response to a stock market shock in any emerging Asian economies. In the second subsample period (that is, January 2000 to December 2006), the stock prices in the advanced countries responded not only to shocks in the other advanced countries but also to shocks in some of the emerging Asian economies. In particular, the stock prices in three European countries significantly responded to a shock in Hong Kong and Singapore. This may reflect the fact that Hong Kong and Singapore were an important financial center in Asia.
However, comparing the magnitude of accumulated impulse responses, the responses to shocks in the emerging Asian economies were much smaller than the responses to shocks in the advanced countries. This implies that before the GFC, spillover effects from emerging Asian stock market shocks to the stock markets in Europe and the USA were, if any, limited.
In contrast, in the last subsample period (that is, January 2010 to June 2016), the stock prices in the advanced countries showed large responses not only to shocks in advanced countries but also to those in several emerging Asian economies. Comparing the responses in the second and last subsample periods, a shock in European countries and the USA tended to reduce their impacts in the last subsample period. A shock in Hong Kong and Singapore, on the other hand, increased their impacts substantially in the last subsample period. More interestingly, a shock in China, which had no significant impact in the second subsample, showed significant accumulated impulse responses except in Germany in the last subsample period. A shock in South Korea also had the largest accumulated impulse responses in the last subsample period except in Germany. This implies that spillover effects from emerging Asian stock market shocks became far from negligible in Europe and the USA in the post GFC period. The results are essentially the same even if we estimated GVARs changing the order within nine emerging Asian economies and three European countries. For example, Table 2 reports accumulated impulse responses over 10 business days when we ordered nine Asian economies by South Korea, Singapore, Taiwan, China, Hong Kong, Thailand, Malaysia, Indonesia, and Philippines and three
European countries by Germany, France, and the UK. The different orders changed the relative importance of several economies and countries. In particular, we observe a tendency that South Korea and Germany increased their impacts because we ordered them first in each group, while
China and the UK decreased their impacts because we ordered them behind in each group. However, we still observe that spillover effects from emerging Asian shocks were, if any, limited in the first subsample period. In particular, the stock prices in the United States never showed a significant response to any shocks in the emerging Asian economies. In the second subsample period, the stock prices in the advanced countries had significant responses not only to the shocks in Hong Kong and
Singapore but also to those in South Korea. However, comparing the responses, we can still observe that shocks in South Korea, Hong Kong, and Singapore had much larger impacts in the last subsample period than in the second period. In the last subsample period, the impact of a shock in South Korea, Hong Kong, and Singapore were almost equal to that in the other advanced countries had. Regardless of the order of the Cholesky decomposition, our GVARs suggest that spillover effects from emerging Asian shocks to stock prices in advance countries became substantial in the post GFC period.
Estimation results based on industry-level stock returns
In the last section, we found that spillover effects from stock markets in emerging Asia to those in Europe and the USA, which had been small before the GFC, became significantly large in the post GFC period. The result indicates that even in the financial markets, shocks in emerging Asia came to have much larger impacts on advanced countries after the GFC. But it does not necessarily suggest that financial linkages between emerging Asia and advanced countries were tightened after the GFC. This is because the larger impacts could have happened since real linkages such as trade linkages or FDI linkages increased between emerging Asia and advanced countries in the post-GFC period.
The purpose of this section is to explore whether the significant spillovers in the post-GFC period were originated in Asian financial sector or in Asian manufacturing sector. Specifically, using industry-level stock price data, we compare spillover effects from the manufacturing sector with those from the financial sector and investigate which sector's shocks had larger impacts on the stock markets in advanced countries. Except that we use the two industry-level stock price returns, that is, stock price returns in the manufacturing sector and those in the financial sector for emerging Asia, the estimated equations are essentially the same as those in the last two sections. However, because spillovers from Malaysia, Indonesia, and Philippines were negligible even in the post GFC-period, we dropped their stock prices from our sample and focused on the impacts of six emerging Asian economies (i.e., China, Hong Kong, South Korea, Singapore, Taiwan, and Thailand) in the analysis.
When estimated a GVAR, we ordered the stock price in the manufacturing sector prior to the stock price in the financial sector in each emerging Asian economy. The countries' order is the same as that in the baseline estimation in the last section.
As in the last section, we estimate GVARs in three alternative subsample periods: January 1992 to Table 3 reports accumulated impulse responses over 10 business days after the shock. As in Table 1 , they show how many basis points the other stock price indexes will change by in 10 business days when a stock price index increases by a percent point. The table reports the stock market responses in three European countries (i.e., the UK, Germany, and France) and the USA to a stock market shock in each of the two sectors in six emerging Asian economies (i.e., China, Hong Kong, South Korea, Singapore, Taiwan, and Thailand).
As in the last section, we find that spillover effects from an emerging Asian stock market to the stock markets in advance countries were, if any, small in the pre-GFC period but that they became large in the post GFC period. However, we see two noteworthy features which we could not see in the last section.
First, throughout the subsample periods, the stock prices in all of the advanced countries had much larger responses to a shock in the manufacturing sector than to a shock in the financial sector.
Even in the first and second subsample periods, a manufacturing sector's shock in Hong Kong and Singapore had significantly positive spillover effects on the UK and Germany and so did that in
Singapore on all of the advance countries. In contrast, a financial sector's shock in the emerging Asia rarely had significant spillover effects on advance countries in the first and second subsample periods. In the third subsample period, a financial sector's shock in China and Singapore had significantly positive effects on all of the advance countries. But the effects were much smaller than those of a manufacturing sector's shock. In particular, accumulated impulse responses to a Chinese manufacturing sector shock were twice as much as those to a Chinese financial sector shock in all of the advance countries. In the case of Hong Kong and South Korea, a shock had significantly positive spillover effects on the advance countries only in manufacturing sector in the third subsample period.
Second, spillover effects from a Chinese stock market shock to those in Europe and the USA became significantly large in the post GFC period. In the first and second subsample periods, a
Chinese shock was significant neither in the financial sector nor in the manufacturing sector.
However, in the third subsample period, a Chinese shock came to have significantly large impacts not only in the manufacturing sector but also in the financial sector, although shocks in the manufacturing sector had much larger spillovers than those in the financial sector. Accumulated impulse responses to a Chinese manufacturing sector shock in the third subsample period were more than 10 times larger than those in the second subsample period in the UK and France, and were more than 7 times larger than those in the second subsample period in Germany and the USA.
These features suggest that spillover effects from emerging Asian stock markets to those in Europe and the United Sates increased in the post GFC period mainly because manufacturing sector's shocks in emerging Asia, especially shocks in the China's manufacturing sector, had large impacts on macro fundamentals in advanced economies. Direct financial linkages between emerging Asia and advanced countries were, if any, small even after the GFC. This was true for Hong Kong and Singapore which are important financial center in Asia.
Strictly speaking, the identified spillover effects do not necessarily mean causality from Asian manufacturing sector's shocks to European and US markets. For example, suppose that there is a news shock in the USA that will decrease its demand for manufacturing goods from emerging Asia.
Since stock prices move in anticipation of future shocks, the stock price of the manufacturing sector However, because the financial market in emerging Asia had developed at a slower pace, the increased real linkage had little impact on financial linkage until the post GFC-period. This implies that real linkage between emerging Asia and advanced economies had no significant impact on financial linkage between the two regions unless it had reached some threshold level. Only when it reached a threshold level, the increased real linkage has tightened financial linkage significantly. In particular, reflecting increased role of China in global economy, Chinese shocks came to have large impacts on advance countries even in financial sector in the post GFC period.
Exchange Rate Spillovers
In previous sections, we explored spillover effects from Asian stock markets to those in Europe and the United Sates. In the following sections, we will examine spillover effects across different foreign exchange rates. As in the previous sections, we first estimate a GVAR model and investigate how exchange rates in Europe and the USA reacted to those in emerging Asia. In the GVAR, the endogenous variables are composed of two sets of variables. The first set of variables consists of daily log-differenced exchange rates from 13 currencies: the Japanese Yen, nine emerging Asian currencies (the Chinese Yuan (CNY), the Hong Kong Dollar, the Korean Won, the Singapore Dollar, the New Taiwan Dollar, the Thai Baht, the Malaysian Ringgit, the Indonesian Rupiah, and the Philippine Peso), two European currencies (the UK Pound and the Euro), and the US Dollar. 8 In the benchmark case, we denominate all of the currencies in the Swiss Franc. 9 The second set of variables consists of daily log-differenced VIX, daily differenced 10-year US government bond yields, and daily differenced 5-year US government bond yields. As in the last sections, they are used to account for common/systematic global factors.
Since most of the Asian emerging economies adopted de facto fixed exchange rate regime before the Asian crisis, we estimate the GVAR only for the latter two subsample periods: The estimation of the GVAR model is done recursively, with the number of lags set to one.
10 Table 4 reports accumulated impulse responses over 10 business days after the shock. They show basis points by which the other exchange rates will depreciate in 10 business days when an exchange rate depreciates by a percent point. Since our main interest is to explore spillover effects from Asian markets to those in advanced economies, the table reports the exchange rate responses of two European currencies and the US Dollar to the exchange rate shock in each of nine emerging Asian currencies. For comparison, it also reports the exchange rate market responses of the three currencies to the exchange rate shock in each currency of the advanced countries. As in the stock markets, the table shows that exchange rate spillover effects from Asian emerging economies became significantly large after the GFC.
Even in the subsample period from January 2000 to December 2006, the exchange rates in the advanced countries responded to an exchange rate shock in some emerging Asian economies. In particular, all of the advanced currencies had significant responses to a shock in the CNY. However, before the GFC, spillover effects from Asian exchange rate shocks to the exchange rates in advance 8 Before the launch of the Euro, we used the German Mark instead of the Euro. 9 We checked robustness denominating all of the currencies in the Australian dollar. The results were essentially the same. 10 Schwarz SC chose one lag in all cases, and so did AIC in most cases. The results did not change even if we set the number of lags to be two. countries were, if any, small. In contrast, in the subsample period from January 2010 to June 2016, the exchange rates in the advanced countries had significant responses to the exchange rate shock in China, Hong Kong, South Korea, and Singapore. In particular, a shock in the Chinese currency increased its spillover effects dramatically in the post GFC period. This implies that after the GFC, Asian exchange rate shocks, especially Chinese exchange rate shocks, came to have large spillover effects on the exchange rates in advance countries. The result supports our view that reflecting increased role of China in global economy, Chinese currency shocks came to have large impacts on advance countries even in the foreign exchange markets in the post GFC period.
Hourly Spillover Effects from the RMB
In the last section, we found that spillover effects from Asian exchange rate shocks, especially from a China's exchange rate shock, became large in the global economy in the post-GFC period.
However, the foreign exchange markets for major currencies are open for 24 hours a day. In addition, the exchange rates are susceptible to currency-specific shocks of the numeraire currency. Thus, unlike in the stock markets, the time difference in daily data does not necessarily allow us to identify the direction of the spillover effects. When we cannot identify the direction, we need to interpret the results with reservations. The purpose of this section is to investigate whether the results in the last section are still robust even if we identify the direction of the spillover effects by using high frequency data. The method of estimation follows Frankel and Wei (1994) . Using the Swiss Franc as a benchmark currency, we estimate the following equation by using log difference of hourly data of the exchange rates.
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(1) ln(z One possible problem with estimating equation (1) is that it may suffer from simultaneous biases and multicollinearity (see, for example, Fukuda and Ohno [2008] and Kawai and Pontines [2016] ).
To avoid the problem, we use hourly changes in the exchange rates from GMT (Greenwich Mean 11 The results were essentially the same even if we changed the numeraire currency from the Swiss franc to the US dollar.
Time) 1AM to 2AM and examine what spillovers we can observe from the Chinese Yuan (CNY) to several major currencies. Hourly data from GMT 1AM to 2AM, which is from 9AM to 10AM in China time, is useful for avoiding simultaneous biases in the following three respects.
First, the CNY's changes from GMT 1AM to 2AM are likely to reveal exchange rate policy changes by the People's Bank of China (PBC). The PBC reports its official fixing exchange rate, that is, the central parity of CNY at 9:15 AM in China time every business day. Even though the PBC recently made the exchange rate system more market based, the CNY's central rate has still been set at the discretion of the authorities, especially before August 11, 2015 when the central rate was set based on the exchange rate in the onshore market at the close of the previous day. It is thus likely that exogenous policy changes by the PBC are reflected in the CNY's changes from GMT 1AM to 2AM during which the PBC reports the central parity of the CNY.
Second, GMT 1AM to 2AM is one of the time zones when the CNY actually changed most in the post GFC period. Reflecting the fact that the CNY was effectively controlled by the PBC, changes in the CNY were highly heterogeneous across different time zones. In particular, the CNY showed substantial changes against the US Dollar only in specific time zones in a day. implies that an exchange rate policy change by the PBC had spillover effects on most of the major currencies in the world in the post GFC period.
Concluding Remarks
In this paper, we explored to what extent spillovers from Asian financial market shocks have risen during the past two decades. In both stock and foreign exchange markets, we found that spillover effects from emerging Asia became much larger in the post GFC period. However, we also found that the spillover effects in the stock markets were mostly from shocks in the manufacturing sector rather than from those in the financial sector. In particular, a rise of China contributed a lot in increasing the spillover effects from emerging Asia. This implies that the spillover effects increased in the post GFC period because of increased manufacturing sector's shocks in emerging Asia, especially in China.
Over the past two decades, the role of Asian emerging market economies, especially China, has risen substantially in global economy. As a result, macro fundamental shocks in emerging market economies came to have substantial spillover effects on advanced economies. Our empirical results support the view that even though the financial market in emerging Asia has developed at a slower pace, the impact of emerging Asia, especially China, has been rising in the global financial markets. 2) Standard error is in the parenthesis.
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